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Two articles in a recent issue of Molecular Cell (Shen
et al., 2006; Lin et al., 2006) demonstrate that nonco-
valent interactions between the SUMO moieties of
SUMO-modified PML, and SUMO binding motifs on
PMLandother PMLnuclear-body-associated proteins,
affect the assembly of PML nuclear bodies and the
recruitment of proteins in and out of these subnuclear
structures.
The nucleus of eukaryotic cells contains a wide vari-
ety of specialized domains defined by their unique
protein components and their associated functions.
Unlike organelles in the cytoplasm, nuclear domains
are not membrane bound, so how they initially form
and how they maintain their protein identities is an in-
triguing question. One of the more enigmatic of the
nuclear domains is the PML nuclear body (PML-NB),
also known as the PML oncogenic domain (POD) or
nuclear domain 10 (ND10). PML-NBs are critical for
a variety of essential cell functions including regula-
tion of transcription, repair of damaged DNA, initiation
of apoptosis, and tumor suppression. Rather than be-
ing sites of a single defined activity, PML-NBs are
more generally believed to be repositories for pro-
teins with multiple different activities. To function as
repositories, mechanisms by which proteins are se-
lectively targeted to and released from PML-NBs
must exist. However, relatively little is known about
these mechanisms. Two papers in a recent issue of
Molecular Cell (Shen et al., 2006; Lin et al., 2006) pro-
vide important new insights into the role that the
small ubiquitin-related modifier (SUMO) plays in regu-
lating the assembly of PML-NBs and in regulating the
distribution of proteins between PML-NBs and the
nucleoplasm.
SUMO modification of PML was originally implicated
as an important regulator of PML-NB dynamics through
studies in PML2/2 cells. While PML-NBs fail to form in
PML2/2 cells, exogenous expression of PML can nucle-
ate their formation; however, exogenous expression of
a PML that is mutated at its three SUMO modification
sites is unable to nucleate PML-NB formation (Ishov
et al., 1999; Zhong et al., 2000). The work reported by
Shen et al. provides an attractive new model that helps
to explain the essential role that PML plays in regulating
PML-NB formation and why SUMO modification is es-
sential to this process. Critical to this new model is the
discovery that PML contains a SUMO binding motif
that enables it to interact noncovalently with SUMO.
The motif in PML resembles a common SUMO binding
motif recently identified in other proteins shown to bind
SUMO noncovalently (Minty et al., 2000; Song et al.,
2004). Shen et al. found that mutating the SUMO binding
motif in PML did not affect the ability of PML to be SUMO
modified, but it did affect the ability of PML to nucleatethe formation of PML-NBs in PML2/2 cells. Thus, for
PML to nucleate the formation of PML-NBs, it must be
SUMO modified and it must also be able to interact non-
covalently with SUMO. These findings suggest a model
whereby PML-NB formation is dependent on a network
of noncovalent interactions between the SUMOs on
SUMO-modified PMLs and the SUMO binding motifs
on PML (Figure 1A). Many other proteins in PML-NBs
are also SUMO modified or contain SUMO-binding mo-
tifs, further suggesting that PML-NB assembly occurs
through a complex network of noncovalent interactions
between modified substrates and SUMO-binding pro-
teins, as recently proposed (Takahashi et al., 2005).
One question that is still not fully understood is why the
PML protein itself is so critical for PML-NB formation,
but Shen et al. provide one tantalizing possibility. They
demonstrate that the RING domain of PML is required
for efficient SUMO modification of PML and also for
PML-NB formation. Thus, they propose that PML may
function as a SUMO E3 ligase to catalyze its own
SUMO modification and possibly the SUMO modifica-
tion of other PML-NB-associated proteins.
In the second paper, Lin et al. provide additional sup-
port for the model that noncovalent interactions with
SUMO are critical for the association of proteins with
PML-NBs. Their studies also highlight the functional im-
portance of the SUMO binding motif in regulating the
dynamic distribution of proteins between PML-NBs
and the nucleoplasm. Previous studies had shown that
(1) the transcriptional corepressor Daxx interacts with
SUMO-modified transcription factors and represses
transcription and that (2) Daxx-mediated transcriptional
repression can be overcome by sequestering Daxx in
PML-NBs (Li et al., 2000; Lin et al., 2003). However, the
molecular basis for these observations was unclear.
The work by Lin et al. demonstrates that Daxx contains
a SUMO-binding motif that, like PML’s SUMO-binding
motif, is essential for binding to SUMO-modified PML
and for its targeting to PML-NBs. This same SUMO-
binding motif is also shown to be essential for interac-
tions between Daxx and SUMO-modified transcription
factors and essential for Daxx’s ability to repress
transcription. In vitro binding studies indicate that
SUMO-modified PML is able to compete for inter-
actions between Daxx and SUMO-modified gluco-
corticoid receptor, suggesting that competition for
the Daxx SUMO-binding motif regulates its partition-
ing between PML-NBs and transcription sites in the
nucleoplasm. Consistent with this model, increasing
the levels of SUMO-modified PML in the nucleus by
exogenous expression of PML or by treatment of
cells with arsenic trioxide results in increased se-
questration of Daxx in PML-NBs and relief of tran-
scriptional repression of Daxx regulated genes
(Figure 1B). These findings clearly illustrate the im-
portance of the dynamic association of proteins with
PML-NBs, but also raise the question of how tar-
geting and release of individual proteins from the PML-
NBs is specifically regulated.
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597Figure 1. Covalent SUMO Modification and
Noncovalent Interactions with SUMO through
SUMO-Binding Motifs Mediate the Assembly
of PML-NBs and the Dynamic Distribution
of Proteins between PML-NBs and the
Nucleoplasm
(A) PML forms a homodimer, with each sub-
unit containing multiple SUMO modification
sites (green lines) and a single SUMO-binding
motif (notch). Intermolecular interactions,
mediated by SUMO and SUMO-binding mo-
tifs, nucleate the formation of a PML network
that is able to recruit an assortment of other
SUMO-modified proteins and proteins with
SUMO-binding motifs.
(B) The distribution of proteins between PML-
NBs and the nucleoplasm is affected by com-
petition for noncovalent interactions with
SUMO-modified proteins. Daxx is recruited
from PML-NBs through its noncovalent inter-
actions with SUMO-modified transcription
factors in the nucleoplasm.These two new papers bring to the forefront the func-
tional importance of noncovalent interactions between
SUMO-modified proteins and proteins containing
SUMO-binding motifs. Although both papers demon-
strate a specific role for SUMO-binding motifs in regu-
lating the association of proteins with PML-NBs, it is
clearly tempting to speculate that similar covalent and
noncovalent interactions with SUMO could be involved
in the assembly of other protein complexes, both large
and small. Intriguingly, many known SUMO substrates,
including multiple subunits of RNA polymerases I, II
and III, components of the SAGA transcription com-
plex, numerous ribosomal proteins and ribosome as-
sembly factors, and multiple chromatin remodeling
complexes, are all part of large macromolecular struc-
tures (Wohlschlegel et al., 2004). If SUMO and SUMO-
binding motifs are similarly involved in facilitating
the assembly of multiple different protein complexes,
how specificity of the interaction between SUMO and
SUMO-modified proteins is achieved remains an impor-
tant problem. In the future, it will be interesting to see
whether the repertoire of SUMO signals (the diversity
of which could be supplied by the three different
SUMO paralogs, site selection for SUMO modification,
and modification with single SUMO moieties or poly-
meric chains) and interactions with SUMO-binding pro-
teins equals that found in the ubiquitin pathway. In
summary, the findings reported in these two papers
provide exciting insights into the dynamic assembly
of PML-NBs, and they clearly illustrate the functional
significance of SUMO as a signal that mediates non-
covalent interactions between modified substrates and
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